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Ionization Mechanisms on a Plasma 



Inorganic Mass Spectrometry 
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AES or MS? 



Inorganic Mass Spectrometry 



Isobaric Interferences and HRMS 
Table 1. Example interferences and resolving power required. 

 Analyte   Interference   Δm/M   R
  

75As = 74.92160   40Ar35Cl = 74.93123  0.0096375  7788
  

52Cr = 52.94065   37Cl16O = 52.96081  0.0201653  2629
  

56Fe = 55.93494   40Ar16O = 55.95729  0.0223556  2505
  

40Ca = 39.96259  40Ar = 39.96238   0.00021 40  190476
  

87Sr = 86.9088987  Rb = 86.90918   0.00029 87  300000
  

 



Mass analyzers: why and how? 

Once ions are generated they need to be “sorted” based on their masses 
 
Three basic parameters 
 

• Maximum mass range (1000, 2000, 225,000) 

• Ion transmission (ion trapping) 

• Resolution 

• Pulsed vs. Continuous 

• EQUATIONS OF MOTION!!! 



Types of mass analyzers 
 
• Magnetic 
• Electrostatic 
• Time of Flight 
• Quadrupole Mass Filters 
• Quadrupole Ion Traps 
• Ion Cyclotron Resonance 

Mass analyzers 
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Analyzer System Highlights 

Quadrupole Unit mass resolution, fast scan, low 
cost 

Sector (Magnetic and/or 
Electrostatic) High resolution, exact mass 
Time-of-Flight (TOF) Theoretically, no limitation for m/z 

maximum, high throughput 
Ion Cyclotron Resonance 
(ICR) 

Very high resolution, exact mass, 
perform ion chemistry 

Mass Analyzers:  
   



How do the analyzers work? 
 

"   Field instruments utilize the behavior of charged particles 
moving through field regions.  

"   Sector instruments incorporate an electromagnetic field 
and (usually) an electric field (for energy focusing). 

"   Quadrupole and ion trap instruments incorporate a 
combination of radio-frequency and direct-current fields. 
Ions entering a field experience a deflecting force, 
depending on the strength of the field and the mass-to-
charge ratio of the ion. 
 

"   By scanning the field strength all the ions produced in 
the ion source are sequentially focused at the detector 
(which is usually a photomultiplier or an electron 
multiplier).  



Magnetic field to separate ions? 

Fleming’s Left-hand rule 



Magnetic field to separate ions? 
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Magnetic field to separate ions? 

FM = centrifugal force! 
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Mass Analyzers: MAGNETIC SECTORS 
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Ions in static or quasi-static electro-magnetic fields 

Lorentz Force 
q = electric charge 
B = magnetic field  
E = electric field 
v = velocity 

For momentum analysis  the magnetic force is preferred because the 
force is always perpendicular to B. Therefore v, p and E are constant. 

Force in magnetic dipole B = const:      p = q B r p   = mv = momentum 
r    = bending radius  
Br = magn. rigidity 

For ion acceleration electric forces are used. 

Dipole field B 
perpendicular 
to paper plane Radius r 

Object (size x0) 

. 
General rule: 
Scaling of magnetic system 
in the linear region results  
in the same ion-optics 

Note: Dispersion dx/dp  
used in magnetic analysis, 
e.g. Spectrometers, magn. 
Separators,  
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Electrical field to separate ions? 
ESA = Electrostatic analyzer 
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Equation of 
Motion for an Ion 

in a electric 
“circular” field ENERGY SEPARATOR!!! 



Magnetic field to separate ions? 
If ions get into the 
sector at different 
angles they will 

converge at a focal 
point when they exit 

the sector 



Magnetic field to separate ions? 
If ions get into the 
sector at different 
angles they will 

converge at a focal 
point when they exit 

the sector 



Benefits 
•  Classical mass spectra  
•  Very high reproducibility  
•  Best quantitative performance of all mass spectrometer analyzers  
•  High resolution  
•  High sensitivity  
•  High dynamic range  
•  Linked scan MS/MS does not require another analyzer  
•  High-energy CID MS/MS spectra are very reproducible  
Limitations 
•  Not well-suited for pulsed ionization methods (e.g. MALDI)  
•  Usually larger and higher cost than other mass analyzers  
•  Linked scan MS/MS gives either limited precursor selectivity with unit product-ion 

resolution, or unit precursor selection with poor product-ion resolution  
Applications 
•  All organic MS analysis methods  
•  Accurate mass measurements  
•  Quantitation  
•  Isotope ratio measurements  

Mass Analyzers: MAGNETIC SECTORS  
   



Sector geometries and double focusing 
   





Time of Flight Analyzers 
   

Speed ∝ distance ∝ time 

 

Speed ∝ mass ∝ Kinetic Energy 

Did you ever take logic classes? 



TIME OF FLIGHT : Equations of motion 
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In a linear TOF, neutral and 
charged fragments generated 

through fragmentation of ions in 
the drift region cannot be 

distinguished from the original ion, 
because their velocity remains the 

same. 
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Mass Analyzers: Pulse it to increase resolution 
   

FIELD 
FREE 

REGION 



Mass Analyzers: TOF with REFLECTRON 
   

Ion trajectories in a reflectron time-of-flight mass spectrometer, where E is the ion 
energy and δE the difference in ion energy of two ions 
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Mass Analyzers: TIME OF FLIGHT   



TIME OF FLIGHT: Versatility?   

Continuous 
ionization 
sources 



Benefits 
•  Fastest MS analyzer  
•  Well suited for pulsed ionization methods (method of choice for 

majority of MALDI mass spectrometer systems)  
•  High ion transmission  
•  MS/MS information from post-source decay  
•  Highest practical mass range of all MS analyzers  

Limitations 
•  Requires pulsed ionization method or ion beam switching (duty cycle is 

a factor)  
•  Fast digitizers used in TOF can have limited dynamic range  
•  Limited precursor-ion selectivity for most MS/MS experiments  

Applications 
•  Almost all MALDI systems  
•  Very fast GC/MS systems  
 

Mass Analyzers: TIME OF FLIGHT   



Mass Analyzers: ICR-MS, the sound of ions   
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Mass Analyzers: ICR  
   



Mass Analyzers: ICR  
   



Benefits 
• The highest recorded mass resolution of all mass spectrometers  
• Powerful capabilities for ion chemistry and MS/MS experiments  
• Well-suited for use with pulsed ionization methods such as MALDI  
• Non-destructive ion detection; ion re-measurement  
• Stable mass calibration in superconducting magnet FTICR systems  
 
Limitations 
• Limited dynamic range  
• Strict low-pressure requirements mandate an external source for most analytical applications  
• Subject to space charge effects and ion molecule reactions  
• Artifacts such as harmonics and sidebands are present in the mass spectra  
• Many parameters (excitation, trapping, detection conditions) comprise the experiment sequence that 
defines the quality of the mass spectrum  
• Generally low-energy CID, spectrum depends on collision energy, collision gas, and other parameters 
  
Applications 
• Ion chemistry  
• High-resolution MALDI and electrospray experiments for high-mass analytes  
• Laser desorption for materials and surface characterization  

Mass Analyzers: ICR  
   


